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TRANSMISSION SYSTEM 



BACKGROUND OF THE INVENTION 
j, 1. Field of the Invention 

5 This invention relates to a transmission system and, 

more particularly, to a transmission system for controlling 
the transmission of a multiplexed signal. 
2. Description of the Related Art 

SONET ( Synchronous Optical Network ) /SDH ( Synchronous 
Q 10 Digital Hierarchy) , being the nucleus of multiplexing 
G3 technologies , defines communication procedures for 

ijl multiplexing various communication services effectively, 

ru 

(J! The standardization of SONET/SDH is stimulating its 

v, development . 

□ 

ff\ 15 In addition, in recent years data traffic has 

fy 

increased especially on the Internet and various 
2 communication services are needed. Therefore, it is hoped 

that SONET/SDH transmission systems with larger capacity 

will be introduced into the current backbone networks . 
20 Fig. 20 is a view showing the structure of the 

format of a synchronous transport signal-1 (STS-1). An STS- 
■< 1 (51.84 Mbps) is a frame being the standard unit for SONET. 

' On the other hand, a synchronous transport module -1 (STM-1: 

155.52 Mbps) is a frame being the standard unit for SDH. 
25 The format of an STS-1 frame consists of 9 (rows) x 

90 (bytes). In Fig. 20, the leftmost three bytes are used 

as an overhead (OH) area. The remaining eighty- seven bytes 
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less a path overhead (POH) area are a payload where actual 
user data will be inserted. 

With SONET/SDH, multiplexing will be controlled by 
the use of the standardized multiplexing unit called a 
virtual container (VC) . Multiplexing by a VC is always 
performed by the byte. VC's are concatenated to generate a 
concatenation signal. With SONET, for example, a 

concatenation signal with a capacity of N times the capacity 
of a VC is symbolized as STS-Nc. 

Fig. 21 is a view showing the structure of the 
format of an STS-12c. An STS-12c frame is represented by a 
two-dimensional byte array consisting of 9 (rows) x 1080 
(columns). The leading 9 (rows) x 36 (columns) are an OH 
area and the subsequent 9 (rows) x 1044 (columns) are a 
payload where multiplexed information is stored. Four STS- 
3c sets, CHI through CH4, are multiplexed in this payload 
portion. 

Byte HI is located in column 1 to column 12 of a 
pointer in row 4 and byte H2 is located in column 13 to 
column 24 of the pointer in row 4. Bits 7 and 8 of byte HI 
and 8 bits of byte H2 form a 10-bit pointer. 

Bits 1 through 4 (4 bits) of byte HI are a new data 
flag (NDF). With NDF, the value of a 10-bit pointer will be 
changed according to a change in the payload. For example, 
when there is no need to change the value of this pointer, 
NDF is represented by the code "0110." When the value of 
this pointer is changed, NDF is represented by the reverse 




code "1001." 

However, an NDF for a subsidiary channel is "1001" 
(constant). A subsidiary channel of a concatenation signal 
is indicated by a combination of this NDF and a pointer 
5 value . 

Usually the value of a 10 -bit pointer for a leading 
channel is a number between 0 and 782. On the other hand, 
the bits of a 10 -bit pointer for a subsidiary channel of a 
concatenation signal are all "1." A combination of the NDF 
Q 10 ("1001") and the 10-bit pointer ("1111111111") indicates 
rQ that it is a subsidiary channel. For example, an STS-12c 

m 

sfj consists of four channels. Therefore, the value of a 10-bit 

^ pointer for channel 1 is a number between 0 and 782. 

Channels 2, 3, and 4 are subsidiary to channel 1, so the 
;^ 15 bits of 10-bit pointers for them are all "1." 

!~ Generating and transmitting such a concatenation 

signal enables large -capacity transmission which cannot be 
realized by a single container. 

The provision of new services , however , will need 
20 large -capacity systems. In that case, an increase in system 
capacity should be realized not only by extending 
conventional multiplex transmission systems described above 
but also by making effective use of the existing network 
systems. That is to say, it is important to minimize the 
25 extensions. 

When concatenation signals, such as STS-192c's 
(9.953280 Gbps), are transmitted, a new high-speed 
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transmission line and the like dedicated to STS-192c's 
should not be laid. If there is a transmission line on 
which the bit rate is limited, these large -capacity signals 
should be transmitted by making effective use of this 
transmission line . 

SUMMARY OF THE INVENTION 

In order to address such a problem, the present 
invention was made. In other words, an object of the 
present invention is to provide a transmission system for 
transmitting a large-capacity multiplexed signal efficiently 
by making effective use of existing network systems in which 
the bit rate is limited. 

In order to solve the above problem, according to 
the present invention, there is provided a transmission 
system for controlling the transmission of a multiplexed 
signal via a path. This transmission system comprises a 
sending apparatus including signal dividing means for 
dividing the multiplexed signal to generate a plurality of 
divided signals in the STS or STM transmission interface 
format, guarantee information adding means for adding 
guarantee information for guaranteeing the continuity of the 
divided signals to each of the divided signals to generate 
transmission signals, and signal sending means for sending 
the transmission signals, and a receiving apparatus 
including signal receiving means for receiving the 
transmission signals, and signal restoring means for 



restoring the multiplexed signal by constructing the divided 
signals on the basis of the guarantee information. 

Furthermore, in order to solve the above problem, 
according to the present invention, there is provided a 
5 transmission system for controlling transmission of 
multiplexed signals via a section. This transmission system 
comprises a sending apparatus including signal dividing 
means for dividing the multiplexed signal to generate a 
plurality of divided signals in the STS or STM transmission 
q 10 interface format, guarantee information adding means for 
Ijj adding guarantee information for guaranteeing the continuity 
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of the divided signals to each of the divided signals, and 
WDM signal sending means for converting the divided signals 
to which the guarantee information is added to optical 

15 signals with wavelengths different from one another to 
perform wavelength multiplexing on the optical signals and 
sending the optical signals, and a receiving apparatus 
including WDM signal receiving means for receiving the 
optical signals, separating the optical signals according to 

20 wavelengths, and converting the optical signals to the 
divided signals , and signal restoring means for constructing 
the divided signals on the basis of the guarantee 
information to restore the multiplexed signal. 

The above and other objects, features, and 

25 advantages of the present invention will become apparent 
from the following description when taken in conjunction 
with the accompanying drawings which illustrate preferred 



- 5 - 



embodiments of the present invention by way of example. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a view for describing the principles 
underlying a transmission system according to the present 
invention. 

Fig. 2 is a schematic view showing the process of 
dividing a concatenation signal. 

Fig. 3 is a view showing POH. 

Fig. 4 is a view showing the contents of guarantee 
inf ormation . 

Fig. 5 is a view showing a case where a multiplexed 
node which accommodates a tributary is located between 
multiplexed nodes . 

Fig. 6 is a block diagram showing the configuration 
of a sending apparatus . 

Fig. 7 is a block diagram showing the configuration 
of a receiving apparatus. 

Fig. 8 is a view for describing delay information 
notifying means . 

Fig. 9 is a view showing time relationships among 
signals transmitted in parallel. 

Fig. 10 is a view showing how to make delay 
correction. 

Fig. 11 is a view showing how to make delay 
correction . 

Fig. 12 is a view showing a first modification of 



delay correction. 

Fig. 13 is a view showing a second modification of 
delay correction. 

Fig. 14 is a view for describing the second 
modification . 

Fig. 15 is a view for describing the principles 
underlying a transmission system to which WDM is applied. 
Fig. 16 is a view showing OH. 

Fig. 17 is a view showing the contents of guarantee 
information. 

Fig. 18 is a block diagram showing the configuration 
of a sending apparatus . 

Fig. 19 is a block diagram showing the configuration 
of a receiving apparatus . 

Fig. 20 is a view showing the structure of the 
format of an STS-1. 

Fig. 21 is a view showing the structure of the 
format of an STS-12c. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
An embodiment of the present invention will now be 
described with reference to the drawings. Fig. 1 is a view 
for describing the principles underlying a transmission 
system according to the present invention. A transmission 
system 1 comprises a sending apparatus 10 and a receiving 
apparatus 20 and transmits multiplexed signals via a path. 
The sending apparatus 10 and the receiving apparatus 2 0 are 
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located at multiplexed nodes 100 and 200 respectively* 
These nodes control transmission via a path. The functions 
of the sending apparatus 10 and the receiving apparatus 20 
are practically included in one apparatus. 
5 In the sending apparatus 10, signal dividing means 

11 divides a multiplexed signal according to paths (path 
overhead + payload) to generate a plurality of divided 
signals in the STS (when the original multiplexed signal is 
transmitted in compliance with SONET) or STM (when the 

10 original multiplexed signal is transmitted in compliance 
with SDH) transmission interface format the transmission 
rate of which is lower than that of the multiplexed signal. 
Hereinafter a process in compliance with SONET will be 
described and a multiplexed signal is referred to as a 

15 concatenation signal. 

The divided signals are pseudo concatenation signals 
having a SONET or SDH multiplexed interface the bit rate of 
which is lower than that of the original concatenation 
signal . 

20 Guarantee information adding means 12 adds guarantee 

information for guaranteeing the continuity of the divided 
signals to each of the divided signals to generate 
transmission signals. By adding this guarantee information 
to the divided signals , the way in which the concatenation 

25 signal was divided to generate the divided signals, the 
order of the division, or the like can be understood on the 
receiver side. This enables the receiving apparatus 20 to 
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restore the concatenation signal normally. 

Signal sending means 13 sends the transmission 
signals in parallel via transmission lines along a path in 
the SONET/SDH transmission interface format. 
5 In the receiving apparatus 20, signal receiving 

means 21 receives the transmission signals. On the basis of 
the guarantee information, signal restoring means 22 
restores the original concatenation signal by constructing 
the divided signals. 
;S 10 Now, operation performed at the time of the division 

will be described with a case where an STS-192c (9.953280 
Gbps) is divided into STS-3c (155.52 Mbps) x 64 and then 
transmitted as an example. Fig. 2 is a schematic view 
^ showing the process of dividing a concatenation signal. 

5? 15 In Fig. 2, an STS-192c concatenation signal 

M- corresponding to the optical transmission rate of optical 

H carrier (OC) 192 is divided to generate divided signals 

(STS-3c) and (STS-3c x 16) 's #1 through #4 corresponding to 
the optical transmission rate of OC-48 (2.488320 Gbps) are 
20 transmitted in parallel. 

When such a dividing process is performed, OH for an 
STS-192C is terminated, a pointer for the STS-192c is 
rewritten to a pointer for an STS-3c, the STS-192c is 
divided into STS-3c x 64 (with OH for an STS-3c added), and, 
25 as shown in Fig. 2, they are transmitted in the block. 
Furthermore, at the time of the division, guarantee 
information described later will be added to each STS-3c so 
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that the original concatenation signal STS-192c can be 
restored on the receiver side. 

POH for an STS-3c has only 9(bytes) x l(column), so 
it cannot be divided any more. The pointer bytes of an STS- 
3c and STM-1 are used in the following way. A pointer value 
is stored only in the leading byte and an indication signal 
is stored in the subsequent bytes . In the payloads of an 
STS-3c and STM-1, one VC-4 is multiplexed. 

The above explanation has been given with a case 
where a divided signal STS-3c is generated from STS-192c as 
an example. However, the signal dividing means 11 according 
to the present invention divides a concatenation signal 
properly according to a bit rate available for a 
transmission line laid to generate divided signals 
(concatenation signals) the bit rate of which is equal to 
(or lower than) that of the concatenation signal. 

Guarantee information will now be described. The 
guarantee information adding means 12 adds guarantee 
information in empty bytes of a path overhead (POH) for a 
divided signal. Fig. 3 is a view showing POH. 

POH is control information included in a VC for 
managing a path between multiplexed nodes and is used for 
error detection, network maintenance, and the like. Z3 
through Z5 shown in Fig. 3 are empty bytes. In the present 
invention, these empty bytes will be used to add guarantee 
information . 

Fig. 4 is a view showing the contents of guarantee 
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information. In this case, a divided signal is an STS-3c. 

When guarantee information is added to the STS-3c, bytes Z3 

through Z5 are used. 

Concatenation information is added in bits 5 through 

5 8 of byte Z3 (bits 1 through 4 of byte Z3 are reserved) . 

The contents of concatenation information indicate what the 

original concatenation signal is. For example, 0, 1, 2, 3, 

and 4 indicate STS-3c, STS-12c, STS-48C , STS-192c, and STS- 

768c respectively. 

^ 10 Frame information is added in bits 1 through 8 of 

byte Z4. The contents of frame information indicate a frame 

number before division. For example, if the original 

® l concatenation signal is OC-192, they indicate which OC-192 
19 

Si frame it is. Up to 256 frame numbers (0-255) can be set. 

P 

ilH 15 Block information is added in bits 1 through 8 of 

SK 3 

: |J 

H> byte Z5. The contents of block information indicate a 

M> division number at the time of division. Divided signals 

are numbered serially in order of division. These signals 
should be reproduced in numerical order on the receiver side. 
20 In the above explanation, bytes Z3 through Z5 have 

been used for an STS-3c. On the other hand, one of bytes Z3 
through Z5 can be used multiple times for concatenation 
signals other than STS-3c's. For example, when an STS-192c 
is divided into STS-12c's, guarantee information can be 
25 added to Z4 #1, Z4 #2, and Z4 #3. 

With an ordinary multiplexed node, processes, such 
as a cross connection, are performed according to paths (POH 
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+ payload) . Therefore, unlike line OH and section OH, POH 
will not be lost as a result of termination. In the present 
invention, guarantee information is added to POH so that it 
will not be lost at the time of internal processing. 

Fig. 5 is a view showing a case where a multiplexed 
node which accommodates a tributary is located between 
multiplexed nodes 100 and 200. A multiplexed node 300 which 
accommodates a tributary is located between the multiplexed 
nodes 100 and 200. 

The multiplexed node 300 receives signals sent from 
a tributary and multiplexes them, together with signals sent 
from the multiplexed node 100, to the multiplexed node 200 
(Add) . Moreover, the multiplexed node 300 receives signals 
sent from the multiplexed node 100, separates signals to be 
sent to the tributary from the rest, and sends the signals 
to the tributary (Drop). 

The transmission system 1 for controlling 
transmission via a path according to the present invention 
controls processes ranging from the division of a 
concatenation signal to the restoration of a concatenation 
signal. Guarantee information therefore is added to POH. 
As a result, even if the multiplexed node 300 having the 
cross-connection function shown in Fig. 5 is on a 
transmission line, guarantee information will not be lost 
and the division/restoration of a concatenation signal can 
be controlled. 

Now, the configuration and operation of the 



transmission system 1 in which functions according to the 
present invention are embodied will be described. Fig. 6 is 
a block diagram showing the configuration of a sending 
apparatus. Fig. 7 is a block diagram showing the 
configuration of a receiving apparatus. In Figs. 6 and 7, 
an STS-192c is divided and four (STS-3c x 16)'s are 
transmitted in parallel. 

A sending apparatus 10-1 comprises a pointer 
rewriting section 101 for rewriting a pointer, a time slot 
assignment (TSA) section 102 for adding guarantee 
information and dividing an STS-192c into STS-3c's, memories 
103-1 through 103-4 for converting a rate, signal sending 
sections 104-1 through 104-4 for controlling an interface 
for sending signals , and a division controlling section 105 
for exercising necessary control over each section at the 
time of division. 

A receiving apparatus 20-1 comprises OH terminating 
sections 201-1 through 201-4 for terminating OH, guarantee 
information extracting sections 202-1 through 202-4 for 
extracting guarantee information, memories 203-1 through 
203-4 for converting a rate, a TSA section 204 for 
constructing divided signals, a signal sending section 205 
for controlling an interface for sending signals, and a 
restoration controlling section 206 for exercising necessary 
control over each section at the time of restoration. 

The operation will now be described. 

[SI] The pointer rewriting section 101 terminates OH 



for an STS-192c and then rewrites a pointer for the STS-192c 
to one for an STS-3c. By rewriting to a pointer for an STS- 
3c in this way as preprocessing, the pointer rewriting 
section 101 adds pseudo OH for an STS-3c (generates a 
pseudo frame) . This will make processes performed on an 
STS-3c in subsequent steps efficient. 

[S2] The TSA section 102 cross-connects by the STS- 
3c and generates divided signals with a transmission 
capacity of STS-3c x 16. Moreover, the above concatenation 
information, frame information, and block information are 
written into bytes Z3, Z4, and Z5 of POH for each STS-3c as 
guarantee information . 

[S3] The memories 103-1 through 103-4 change the 
clock for processing data from an internal processing clock 
to a sending clock. 

[S4] The signal sending sections 104-1 through 104-4 
adds substantial OH for the STS-3c f s, converts the format of 
the divided signals to that of signals transmitted at a low 
rate, and transmits four OC-48's ((STS-3c x 16) 's) in 
parallel . 

[S5] The OH terminating sections 201-1 through 201-4 
terminate OH for the STS-3c's. 

[S6] The guarantee information extracting sections 
202-1 through 202-4 extract guarantee information from POH 
and give its contents to the restoration controlling section 
206. 

[S7] The memories 203-1 through 203-4 change the 
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clock for processing data from an internal processing clock 
to a sending clock. 

[S8] The TSA section 204 cross -connects on the basis 
of the restoration information (guarantee information) given 
5 by the restoration controlling section 206 and performs the 
process of constructing the STS-3c"s. 

[S9] The signal sending section 205 restores the 
original STS-192c by adding OH including a pointer for an 
STS-192c to a signal which was constructed in step S8 and 
10 sends it to a transmission line. 

Now, delay correction control at the time of 
; ! fjj parallel transmission will be described with reference to 

S ~* 

ffl Figs. 8 through 14. Sending signals in parallel will cause 

a transmission delay on each transmission line. The 

Q 

\t\ 15 dispersion of the length of each transmission line or the 

in 

H characteristics of circuit components used in sending and 

receiving sections, wavelength or mode dispersion which 
occurs within an optical fiber transmission line, or the 
like can be the main reason for the transmission delay. 

20 When light is propagated through the inside of an 

optical fiber, its refractive index will vary according to 
its wavelength. As a result, a difference in arrival time 
arises at the receiving end. This is a delay caused by 
wavelength dispersion. When modulated light passes through 

25 the inside of an optical fiber, optical pulses will spread 
with time. As a result, a difference in arrival time arises 
at the receiving end. This is a delay caused by mode 
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dispersion . 

Therefore, when transmission signals are sent in 
parallel, delays which occur from these causes should be 
corrected. 

Fig. 8 is a view for describing delay information 
notifying means. The sending apparatus 10 and the receiving 
apparatus 20 are connected by transmission lines LI through 
L4. Transmission signals are sent from the sending 
apparatus 10 to the receiving apparatus 20 via the 
transmission lines LI through L4. 

Delay information notifying means 23 gives delay 
information regarding a delay which has occurred on each of 
the transmission lines LI through L4 at the time of the 
signal receiving means 21 receiving the transmission signals 
to the signal sending means 13 in the sending apparatus 10 
via subchannel S . 

On the basis of the delay information, the signal 
sending means 13 sets the bit rate of each transmission 
signal variable and makes delay correction. 

Concrete operations for delay correction will now be 
described. Fig. 9 is a view showing time relationships 
among signals transmitted in parallel. 

It is assumed that four pieces of data which the 
sending apparatus 10 generates by dividing information of 
one frame (X bits/s) in four are data Dl (which arrives at 
the receiving apparatus 20 at time tO), D2, D3, and D4 
according to the order in which they arrive at the receiving 



apparatus 20. Each piece of data consists of X/4 bits/s. 
Moreover, it is assumed that the receipt of data Dl through 
D4 is completed at time tl through t4 respectively. In 
addition, it is assumed that (t2-tl)=At2, (t3-tl)=At3, and 
(t4-tl)= At 4 . 

The delay information notifying means 23 gives the 
values of At2, At3, and At4 to the sending apparatus 10 
via subchannel S. On the basis of this information, the 
signal sending means 13 in the sending apparatus 10 controls 
correction of a delay of each of the signals transmitted in 
parallel . 

In this case, if all the pieces of data are sent so 
as to reach by time tl, there is no need to locate, for 
example, a large-scale buffer circuit, which absorbs 
difference in transmission line delay, on the receiving 
apparatus 20 side . It is assumed that portions of data D2 
through D4 which do not reach by time tl are delay data d2 
through d4 respectively. 

Figs. 10 and 11 are views showing how to make delay 
correction . On the basis of delay information , the signal 
sending means 13 calculates the bit rates of data Dl, D2, D3, 
and D4 (XI, X2, X3 , and X4 bits/s respectively) and divides 
the original frame . 

In this case, the division must meet the conditions 
that X1+X2+X3+X4=X, that all the pieces of data should reach 
by time tl, and that X1^X2^X3^X4 (a transmission line on 
which data reaches earlier should transmit more data) . 



On the basis of these three conditions, a bit rate 
on each of transmission lines LI through L4 is calculated 
and is mapped as shown in Figs. 10 and 11. That is to say, 
XI bits/s are assigned as data Dl so that delay data d2 will 
be sent via transmission line LI. Similarly, X2 bits/s are 
assigned as data D2 so that delay data d3 will be sent via 
transmission line L2; X3 bits/s are assigned as data D3 so 
that delay data d4 will be sent via transmission line L3. 

The bit rate on transmission line L4 corresponding 
to data D4 (which reaches last) is X4 bits/s in Figs. 10 and 
11, but in reality it is fixed at (X/4) bits/s so that 
transmission line L4 also serves as a clock transmission 
line . 

Fig. 12 is a view showing a first modification of 
delay correction. In the first modification, the bit rate 
of data Dl remains at (X/4) bits/s, and the bit rates of 
data D2 through D4 are corrected with (X/4) bits/s as a 
standard so that they reach by time tl. 

If tl-tO=T, then delay data d2 of data D2 must be 
transmitted at the rate of (X/4)-(T/(T- At2)) bits/s so as 
to reach by time tl. 

Similarly, delay data d3 of data D3 must be 
transmitted at the rate of (X/4)-(T/(T- At3)) bits/s so as 
to reach by time tl; delay data d4 of data D4 must be 
transmitted at the rate of (X/4)*(T/(T- At4)) bits/s so as 
to reach by time tl. 

Fig. 13 is a view showing a second modification of 
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delay correction. In the second modification, the signal 
sending means 13 overlaps the leading section of a divided 
piece of data and a portion of another divided piece of data 
and sends them . 

5 For example, data Dl ' created by adding overlap mO, 

being part of data DO, in front of data Dl is sent. 
Similarly, data D2 ' created by adding overlap ml, being part 
of data Dl, in front of data D2 is sent, data D3 1 created by 
adding overlap m2 , being part of data D2 , in front of data 

Q 

10 D3 is sent , and data D4 1 created by adding overlap m3 , being 

IS 

jjg part of data D3 , in front of data D4 is sent . 
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Fig. 14 is a view for describing the second 

modification. If there is a piece of data which is late in 

i** reaching the receiver side, then the same data in the 

?«? 

j^J 15 leading section of another divided piece of data is used to 



make up data in the delayed portion. As a result, the delay 
^ will be absorbed. 

In Fig. 14, all the pieces of data except data D3 ■ 
have reached by time tl. Therefore, data in overlap m3 
20 added in the leading section of data D4 1 is used to make up 
data m3 of data D3 1 which does not reach by time tl. This 
absorbs the delay. By making delay correction in the above 
way, a transmission system with higher reliability can be 
realized. 

25 Now, a transmission system according to the present 

invention to which WDM (wavelength division multiplex) is 
applied will be described. Fig. 15 is a view for describing 
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the principles underlying a transmission system to which WDM 
is applied, 

A transmission system la comprises a sending 
apparatus 10a and a receiving apparatus 20a and transmits 
5 concatenation signals via a section. The sending apparatus 
10a and the receiving apparatus 20a are located at terminal 
nodes 110 and 210 respectively. These nodes control 
transmission via a section. The functions of the sending 
apparatus 10a and the receiving apparatus 20a are 
10 practically included in one apparatus . 

In the sending apparatus 10a, signal dividing means 
11a divides a concatenation signal to generate a plurality 
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of divided signals in the STS or STM transmission interface 



format the transmission rate of which is lower than that of 

15 the concatenation signal. 

In this case , the terminal nodes 110 and 210 have 
established a WDM network along the section. Processes by 
the path are not performed at the terminal nodes 110 and 210 
(there is no need to recognize signals by the path) . A 

20 concatenation signal therefore can be divided by the block 
including OH. 

Guarantee information adding means 12a adds 
guarantee information for guaranteeing the continuity of the 
divided signals to each of the divided signals. WDM signal 
25 sending means 13a converts the divided signals to which 
guarantee information is added to optical signals with 
wavelengths different from one another to perform wavelength 
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multiplexing on the optical signals and sends them via one 
optical transmission medium. 

In the receiving apparatus 20a, WDM signal receiving 
means 21a receives optical signals, separates them according 
5 to wavelengths, and converts them to divided signals. On 
the basis of the guarantee information, signal restoring 
means 22a restores the original concatenation signal by- 
constructing the divided signals. 

Guarantee information will now be described. The 

O 

\Q 10 guarantee information adding means 12a adds guarantee 

§ 

iaj information in byte CI of SOH (byte CI of a Regeneration 

jij Section Overhead (RSOH)) for a divided signal. Fig. 16 is a 

ill 

133 view showing OH. 
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OH consists of SOH and LOH. OH for an STS-3c is 
15 shown in Fig. 16. With the transmission system la according 
to the present invention to which WDM is applied, bytes CI 
shown in Fig. 16 are used to add guarantee information. 

Fig. 17 is a view showing the contents of guarantee 
information. Concatenation information is added in bits 1 
20 through 4 of byte CI #2. The contents of concatenation 
information indicate what the original concatenation signal 
is . 

Frame information is added in bits 5 through 8 of 
byte CI #2. The contents of frame information indicate a 
25 frame number before division. With WDM there occurs little 
transmission line delay, so frame information can be reduced. 

Block information is added in bits 1 through 8 of 
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byte CI #3. The contents of block information indicate a 
division number at the time of division. Divided signals 
are numbered serially in order of division according to 
wavelengths . These signals should be reproduced in 
5 numerical order on the receiver side. 

Now, the configuration and operation of the 
transmission system la in which functions according to the 
present invention are embodied will be described. Fig. 18 
is a block diagram showing the configuration of a sending 

Q 

,jg 10 apparatus. Fig. 19 is a block diagram showing the 
ig configuration of a receiving apparatus. In Figs. 18 and 19 , 

m 

fy an STS-192c is divided into STS- 48c x 4 and they are 

123 wavelength-multiplexed and transmitted. 

A sending apparatus 10a- 1 comprises a pointer 
pj 15 rewriting section 111 for rewriting a pointer, a DMUX 
JIT section 112 for dividing an STS-192c into STS-48c f s, 

|c£l memories 113-1 through 113-4 for changing a rate, OH adding 

sections 114-1 through 114-4 for adding OH including 
guarantee information, a WDM sending section 115 for 
20 controlling an interface for WDM sending, and a division 
controlling section 116 for exercising necessary control 
over each section at the time of division. 

A receiving apparatus 20a- 1 comprises a WDM 
receiving section 211 for controlling an interface for WDM 
25 receiving, guarantee information extracting sections 212-1 
through 212-4 for extracting guarantee information, memories 
213-1 through 213-4 for converting a rate, a MUX section 214 
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for constructing divided signals, a signal sending section 
215 for controlling an interface for sending signals, and a 
restoration controlling section 216 for exercising necessary 
control over each section at the time of restoration. 
5 The operation will now be described, 

[S10] The pointer rewriting section 111 terminates 
OH for an STS-192c and then rewrites a pointer for the STS- 
192c to one for an STS- 48c . In this case, the cross- 
connection function does not exist between apparatus, so 
)jj 10 there is no need to change a pointer. As a result, the 
relationship between OH and a synchronous payload envelope 
(SPE), being POH + payload, will not be disturbed. A 
pointer for the STS- 192c therefore is copied to use as one 
for an STS- 48c. 



m 
m 

in 

m 



P 



HI 15 [Sll] The DMUX section 112 performs a DMUX process 

Hi 

on four STS-48c's, which are generated from the STS- 192c, by 
the block. To be concrete, the DMUX section 112 divides the 
STS- 192c by forty-eights with a byte as a unit to generate 
four STS- 48c' s. 

20 [S12] The memories 113-1 through 113-4 change a 

clock for processing data from an internal processing clock 
to a sending clock. 

[S13] The OH adding sections 114-1 through 114-4 add 
substantial OH into bytes CI of which concatenation 
25 information, frame inf ormation, and block information, being 
guarantee information, have been written to each STS- 48c. 

[S14] The WDM sending section 115 performs 
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wavelength multiplexing on the STS-48c , s by assigning 
different wavelengths and sends them (sends four wavelength- 
multiplexed STS-48C signals )♦ 

[S15] The WDM receiving section 211 receives the 
5 four wavelength-multiplexed STS-48c signals and separates 
them according to wavelengths to generate four STS-48c 
divided signals . 

[S16] The guarantee information extracting sections 
212-1 through 212-4 extract guarantee information from bytes 
10 CI and give its contents to the restoration controlling 
m section 216. 



G1 



llj [S17] The memories 213-1 through 213-4 change a 

clock for processing data from an internal processing clock 
to a sending clock. 
15 [S18] The MUX section 214 performs a MUX process on 

the basis of the restoration information (guarantee 
information) given by the restoration controlling section 
216 and performs the process of constructing STS-48c's. 

[S19] The signal sending section 215 restores the 
20 original STS-192c by adding OH including a pointer for an 
STS-192c to a signal which was constructed in step S18 and 
sends it to a transmission line. 

As has been described in the foregoing, the 
transmission system la according to the present invention 
25 controls the division/restoration of a concatenation signal 
within a WDM network. In this case, a bit rate cannot be 
increased easily because of the dispersion characteristic of 
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an optical fiber, being a transmission medium. As a result, 
in order to increase transmission capacity, WDM technologies 
are widely used in recent years. Therefore, the present 
invention will be essential for transmitting a large- 
5 capacity concatenation signal by the use of a low- speed WDM 
network. 

Furthermore, the present invention will enable to 
transmit a large -capacity concatenation signal stably by 
dividing the band in various photonic networks with 

10 wavelengths concatenated in WDM as one set . 

Now, an IP network to which the present invention is 
applied will be described. With conventional networks, a 
plurality of low- speed interfaces are contained in the 
payload of an STS-1, being the basic frame for SONET, and 

15 are simply frame -multiplexed (STS-1 x n) by the STS-1 frame. 
As a result, high SONET frame rates realize a high 
transmission rate and large transmission capacity. 

On the other hand, with IP networks, being the 
mainstream in the future, these high SONET frame rates (STS- 

20 1 x n) are generally considered one IP transmission line and 
are used (occupied). A plurality of STS-1 frames are used 
as one large -capacity transmission line (STS-1 x nc) on the 
basis of the concatenation function. 

For example, when large -capacity IP data is 

25 transmitted to one IP address by the use of the 
concatenation function in SONET, a concatenation signal can 
be separated because of the configuration of a system on the 
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route or the like. Even in such a case, the continuity of 
IP packets will be guaranteed by applying the present 
invention. Large -capacity data from an IP router therefore 
can be transmitted without obstruction, resulting in high- 
quality highly-reliable large-capacity transmission. 

In addition, with an IP network to which the present 
invention is applied, SONET paths suitable for the contents 
of services regarding IP data can be assigned. For example, 
large-capacity IP data (transmission of the best effort 
type) is assigned to capacity corresponding to 75% of a 
large -capacity concatenation signal STS-192c (equal to STS- 
144c) and the remaining 25% (equal to STS-48c) is guaranteed 
to small -capacity but quality-first IP data as a band like a 
dedicated line. That is to say, an STS-192c can be divided 
into two partitions. 

As has been described in the foregoing, in the 
present invention, the sender side divides a concatenation 
signal into low- speed signals by adding guarantee 
information for guaranteeing the continuity and sends them 
and the receiver side restores the original large -capacity 
concatenation signal on the basis of the guarantee 
information. This enables to transmit a large -capacity 
concatenation signal efficiently by an economical 
configuration via a plurality of transmission lines through 
various networks . 

The above explanation has centered on SONET, but the 
present invention is applicable to SDH in the same way. 



That is to say, in the above example, an STS-192c was 
divided to generate STS-3c's, being divided signals. With 
SDH, however, an STM-64 (VC4-64c) will be divided to 
generate VC-4's, being divided signals. 

As has been described in the foregoing, in a 
transmission system according to the present invention, the 
sender side divides a multiplexed signal to generate divided 
signals in the STS or STM transmission interface format to 
which guarantee information for guaranteeing their 
continuity is added and the receiver side restores the 
original multiplexed signal on the basis of the guarantee 
information. This enables to transmit a large -capacity 
multiplexed signal by making effective use of existing 
network systems in which the bit rate is limited, resulting 
in efficient transmission of a large -capacity signal. 

The foregoing is considered as illustrative only of 
the principles of the present invention. Further, since 
numerous modifications and changes will readily occur to 
those skilled in the art , it is not desired to limit the 
invention to the exact construction and applications shown 
and described, and accordingly, all suitable modifications 
and equivalents may be regarded as falling within the scope 
of the invention in the appended claims and their 
equivalents . 



